A total of 9513 L. culinaris expressed sequence tags (ESTs) were downloaded from the dbEST/GenBank database as of 15 January 2012 (http://www. ncbi.nlm.nih.gov). The ESTs were trimmed for poly(A) tails, and vector sequence contamination were removed using the SeqClean program ( Masoudi-Nejad et al., 2006 ) . The trimmed EST sequences were assembled into unigenes with the Cap3 program ( Huang and Madan, 1999 ) to reduce redundancy. The unigenes containing 951 contigs and 3092 singletons produced a total of 251 putative SSRs using the software Troll ( Martins et al., 2009 ). The fragments with inappropriate fl anking sequences or with less than 500 bp were excluded and 82 SSRs were designed using Primer3 software ( Rozen and Skaletsky, 2000 ) .
The newly identifi ed microsatellite markers were screened on 32 individuals representing six Lens species including 18 accessions from cultivated species and 14 wild accessions comprising fi ve species. Voucher specimens were sourced from the International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria, and the lentil breeding program at the Indian Agricultural Research Institute (IARI), New Delhi, India (Appendix 1). The genomic DNA from each individual was isolated using the cetyltrimethylammonium bromide (CTAB) method as described by Murray and Thompson (1980) . PCR mixtures of 20 μ L consisted of 2.0 μ L 10 × buffer (100 mM Tris-HCl, 500 mM KCl, 15 mM MgCl 2 , 0.01% gelatin), 200 μ M each dNTP, 0.5 μ M each of forward and reverse primers, 1 U Taq DNA polymerase (PCR reagents and primers procured from Sigma-Aldrich, St. Louis, Missouri, USA), and ~40 ng DNA and were performed in a Veriti Thermal Cycler (Applied Biosystems, Life Technologies, Singapore). The PCR protocol consisted of one denaturation cycle at 94 ° C for 4 min followed by 30 cycles of 94 ° C for 1 min, annealing at 59-62 ° C (depending upon the primer) for 30 s, extension at 72 ° C for 1 min, and a fi nal extension at 72 ° C for 8 min. The amplifi cation fragments were separated on 3% MetaPhor Agarose gels (Lonza, Rockland, Maine, USA) and • Premise of the study: We developed microsatellite markers in the legume Lens culinaris from publicly available databases to enrich the limited marker resource available for the crop. • Methods and Results: Eighty-two primer sets were identifi ed using expressed sequence sets of L. culinaris available in the National Center for Biotechnology Information (NCBI) database and were characterized in six species of Lens . Among them, 20 simple sequence repeat (SSR) primers produced no amplifi cation product, 43 produced monomorphic products, and 19 were polymorphic. The primers amplifi ed mono-, di-, tri-, tetra-, penta-, and hexanucleotide repeats with one to four alleles. These SSR loci successfully amplifi ed in fi ve related wild species, with a total of 61 primer pairs in L. nigricans and L. odemensis (98.39%), 59 in L. tomentosus (95.1%), and 60 in L. ervoides and L . orientalis (96.7%), respectively. • Conclusions: The microsatellite markers discovered in this study will be useful in genetic mapping, marker-assisted breeding, and characterization of germplasm. No. visualized by ethidium bromide staining. The band size was obtained in comparison to a 100-bp DNA ladder (MBI, Fermentas, Vilnius, Lithuania). Among these 82 SSRs, 62 amplifi ed successfully in most of the species, providing an amplifi cation success rate of 75.6%, and 19 of them showed more than two clear scorable bands in the Lens species ( Table 1 ) . Primer sequences and related information for 43 monomorphic EST-SSR primers are available as Appendix 2. The conservation of SSRs across species has been validated by sequencing one amplicon from each species. The EST-SSR markers amplifi ed one to four alleles among the six species. The expected heterozygosity was determined on the basis of the number of genotypes amplifi ed per species and ranged from 0 to 0.875 ( Table 2 ) . The putative functions of SSR-associated unigenes were determined by using BLASTX ( Altschul et al., 1997 ) against the nonredundant GenBank database.
EST-SSR locus
GenBank EST no. (Probe DB_id) Primer sequences (5 ′ -3 ′ ) Repeat motif T a ( ° C) Allele size range (bp) Putative function (organism) BLASTX E -value 1 PLC5 GT626272 (16537804) F: CATTGCAGCTTATTCTCACAGC (CAATGG) 5 60 320-360 Auxin-induced protein 5NG4-like ( Glycine max ) 2E-41 R: TGACCCATCCTCATCCTTAAAT 2 PLC10 GT62175 (16581945) F: TGCAACAAAGGACACTAGAGGTT(
CONCLUSIONS
The EST-SSR markers identifi ed and characterized in this study have enriched the limited microsatellite marker resources in Lens species. The markers developed will be helpful in saturating Lens genetic maps and for tagging and mapping of genes and quantitative trait loci associated with important traits to be further used in marker-assisted breeding for enhancing productivity and quality. These markers would also be helpful in studying genetic diversity and detecting interspecies polymorphisms for marker-based introgression of genes from related species. 
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